separation and cytokinesis onset. Whereas normal spherical controls began dividing 7-7.5 min following 2 The Marine Biological Laboratory Woods Hole, Massachusetts 02543 anaphase onset ( Figure 1A ), a 2-fold reduction in the distance between the spindle poles and the cell cortex (from ‫55ف‬ m to 25 m) resulted in precocious furrows forming no less than 3.5 min after the initiation of chroSummary mosome separation (n ϭ 6), with identical results obtained for E. parma and L. pictus. In the cell shown in Anaphase, mitotic exit, and cytokinesis proceed in rapid succession, and while mitotic exit is a require- Figure 1B , the spindle poles were between 10 and 15 m from the cell surface, with the asters kept in constant ment for cytokinesis in yeast [1, 2], it may not be a direct requirement for furrow initiation in animal cells contact with the cell surface. The earliest contractile behavior indicating cytokinesis onset was detected 3.5 [3, 4]. In this report, we physically manipulated the proximity of the mitotic apparatus (MA) to the cell cormin following the initiation of chromosome segregation ( Figure 1Bf ; also see Movie 1 in the Supplementary Matetex in combination with microinjection of effectors of the spindle checkpoint and CDK1 activity to determine rial available with this article online), but well before the normal manifestations of mitotic exit (expansion of the how the initiation of cytokinesis is coupled to the onset of anaphase and mitotic exit. Whereas precocious spindle poles, astral microtubule elongation, karyomere formation). Sister chromatids had separated less than contact between the MA and the cell surface advanced the onset of cytokinesis into early anaphase A, furrow-8 m from each other at the time of furrow initiation, whereas chromatid separation in controls typically ocing could not be advanced prior to the metaphaseanaphase transition. Additionally, while cells arrested curred 20 m before furrowing activity could be detected (data not shown). Measurements of poleward in anaphase could be induced to initiate cleavage furrows, cells arrested in metaphase could not. Finally, chromosome movement reveal that chromosomes migrate toward the poles at approximately 1.2 m/min in activation of the mitotic checkpoint in one spindle of a binucleate cell failed to arrest cytokinesis induced both cylindrical and spherical cells (data not shown), suggesting that anaphase chromosome movements and by the control spindle but did inhibit the formation of furrows between the arrested MA and the control, mitotic exit were unaffected by the extreme physical constraints placed upon these cells. However, despite nonarrested MA. Our experiments suggest that the competence of the mitotic apparatus to initiate cytokithe 4-fold reduction in the distance between the spindle poles and the surface, no furrowing could be detected nesis is not dependent on cyclin degradation but does require anaphase-promoting complex (APC) activity in these or any other geometrically altered cell prior to 3.5 min past the anaphase onset. This lag phase beand, thus, inactivation of the mitotic checkpoint.
. Needles were applied to the drawn into a narrow, thin-walled capillary (i.d. 22 m) following the injected blastomere after the control blastomere had begun or comfirst cell division and was then followed by time-lapse microscopy.
pleted cleavage, such that the spindle poles were placed in close In these extremely thin cells, the chromosomes were easily disproximity to the cell surface. Cells were followed by time-lapse video cernable, and the lag period between anaphase onset (b) and the microscopy, and 20 min after the application of the needles, the first evidence of furrow ingression (arrow in Figure 1) . Thus, the apparent block exit, they are dependent upon spindle checkpoint inactivation and may also be dependent on the proteolysis to cytokinesis in animal cells appears to be more closely linked to events associated with anaphase onset than of some other regulatory factor. to mitotic exit.
By the time the cell reaches the metaphase-anaphase
